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Uni Issl ileSYCLASFCTO 2a SECURITY CLASSIFICATION AUTHORITY 2b DECLASSIFICATION, DOWNGRADING SCHEDULE listribution unlimited. In this report we present picosecond transient photoreflectance studies of (100) GaAs that are largely consistent with the recent IBM results and model. We measured changes in reflectivity of a probe beam induced by an above-bandgap pump pulse. Time delays for the probe beam were scanned over the range 0 to 0.5 ns. Results obtained before and after photochemical washing were compared for a variety of samples. As described below, the unwashed samples displayed complex kinetic behavior that varied appreciably from sample to sample and even for different sides of the same sample. However, the photochemically washed samples yielded uniform results that provide textbook examples of diffusion controlled recombination processes. We demonstrate that surface recombination velocities are exceedingly small on photochemically Experiments were performed with a synchronously pumped, mode-locked dye laser system. The pump source was an argon ion laser operated at a pulse repetition rate of 228 MHz at 514.5 nm. This laser pumped two dye lasers operated with styryl 9 dye. Most experiments were performed with the pump laser tuned to 812 nm, substantially above the room temperature bandgap of GaAs, and the probe laser was operated in the region of 840 nm, still somewhat above bandgap at room temperature. The pump beam was amplitude modulated at 14 MHz, and both pump and probe were combined in a copropagating configuration. They were focused to approximately 10 Um diameter at the GaAs surface.
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A typical cross-correlation pulsewidth measurement yielded a width of 12 ps, and the cw pump beam power was approximately 30 mW. Based on the absorption coefficient of 1 x 10 cm -I , the peak injected carrier density, assuming loss processes are slower than the pulsewidth, would be about 1 X 10 18 cm - 3 . In this regime of injected carrier density, contributions from nonlinear recombination processes and density dependent diffusion should be negligible. The reflected probe beam was separated from the pump by a monochromator, and a lock-in amplifier was used to measure the signal modulated at the 14 MHz modulation frequency of the pump laser. reflectivity induced by the pump beam, and the horizontal scale is N., the time delay (arbitrarily scaled) between pump and probe beams. In conclusion, we demonstrated that surface recombination of GaAs can be quantitatively measured by picosecond transient reflectivity measurements.
Furthermore, the results are extraordinarily sensitive to GaAs surface conditions, indicating that the surface dominates charge carrier transport at depths to 1 pjm below typical unwashed surfaces. Clearly, the technique can provide a valuable quantitative measure of surface quality. One interesting and unresolved aspect of the work is that the rate of degradation of surfaces subsequent to photo-assisted washing seems to be different when measured by reflectivity as opposed to that deduced from photolumninescence. This, and the issue of the appropriate model for the fast recombination of unwashed sur-4 faces, will be pursued in future studies. 
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Microelectronics, solid-state device physics, compound semiconductors, radiation hardening; electro-optics, quantum electronics, solid-state lasers, optical propagation and communications; nicrowave semiconductor devices, microwave/millimeter wave measurements, diagnostics and radiometry, microwave/millimeter wave thermionic devices; atomic time and frequency standards; antennas, rf systems, electromagnetic propagation phenomena, space communication systems.
Materials Sciences Laborator:
Development of new materials: metals, alloys, ceramics, polymers and their composites, and new forms of carbon; nondestructive evaluation, component failure analysis and reliability; fracture mechanics and stress corrosion; analysis and evaluation of materials at cryogenic and elevated temperatures as well as in space and enemy-induced env i ronments.
Space Sciences Laboratory:
Magnetospheric, auroral and cosmic ray physics, wave-particle interactions, magnetospheric plasma waves; atmospheric ,%.
and ionospheric physics, density and composition of the upper atmosphere, V." remote sensing using atmospheric radiation; solar physics, infrared astronomy, infrared signature analysis; eftects of solar activity, magnetic storms and nuclear explosions on the earth's atmosphere, ionosphere and magnetosphere; ettects ot electromagnetic and particulate radiations on space systems; space instrumentation. 'I.
S~9
-'9 'p -9 *99
.91%,9I w
